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This paper describes the second year of a multi-year study on the implementation of Peer Instruction and PeerWise-inspired pedagogies in a physics methods course in a teacher education program at a large research university in Western Canada. In the first year of this study, Peer Instruction was implemented consistently in the physics methods course and teacher candidates were asked to submit five conceptual multiple-choice questions as a final assignment. In the second year of the study we incorporated PeerWise online tool to facilitate teacher candidates' design of conceptual questions by allowing them to provide and receive feedback from their peers, and consequently improve their questions. We have found that as a result of this collaboration teacher candidates improved their pedagogical content knowledge as measured by the rubric developed for the study. 
I. INTRODUCTION: ADDRESSING THE CHALLENGES OF PHYSICS TEACHER EDUCATION
This study aims to investigate how an online collaborative educational technology implemented in a physics methods course can support physics teacher candidates (TCs) in acquiring relevant pedagogical content knowledge (PCK) [1] . The PCK concept was introduced by the former AERA President, Lee Shulman, who in his 1985 presidential address suggested to view teachers' knowledge as a combination of content and pedagogical knowledge (CK and PK, respectively). Shulman referred to PCK as knowledge for teaching specific content, which among other dimensions includes knowledge of content, multiple ways of representing it, and supporting students in overcoming potential difficulties in learning it. In the last three decades a number of studies have been conducted to expand and clarify different PCK components [2] . For this study, the PCK clarification by Magnusson et al. is especially relevant, as in addition to the original PCK construct suggested by Shulman, they explicitly focus on teacher's knowledge of teaching purposes and relevant assessment strategies [3] . The importance of teachers' grasp of various ways of assessing student learning, often referred to as evaluation for, as, and of, learning has been emphasized by both researchers and policy makers, which can be seen in the documents produced by the National Education Association and other bodies [4, 5] . Since evaluation is often question driven, it is not surprising that a key element of PCK is teacher's ability to ask questions that elicit student conceptual difficulties and promote meaningful understanding [6] .
The concept of PCK has been widely used in mathematics and science (M&S) teacher education [2, [7] [8] [9] [10] [11] ]. Yet few North American teacher graduates have acquired PCK sufficient for effective teaching [12, 13] . In Canada, we find a number of reasons for this persisting problem. First, most secondary teacher education programs, as postbaccalaureate professional certifications, are comparatively short, lasting between 8 and 24 months [14] . Second, teacher education programs often assume that most TCs have already mastered the necessary CK, and only lack the general PK. However, substantial research indicates that the M&S knowledge of many North American B.Sc. graduates is rather limited [15, 16] . Even though a significant number of TCs are lacking the CK necessary for teaching M&S, subject-specific methods courses represent less than 10% of the total time devoted to teacher education [14] . Third, there is an increased emphasis on general education courses that are often divorced from the subject-specific context and are intended to equip TCs with generic pedagogical strategies. Yet ample research has demonstrated that applying general teaching techniques to a subject-specific context is a difficult task for novice teachers to master [10] .
This lack of attention to the development of PCK of future M&S teachers creates significant challenges. Numerous international student M&S assessments, such as PISA, have shown that limited teachers' PCK has direct negative consequences for student learning [17] [18] [19] [20] . It also threatens the success of M&S educational reforms [5, 21] . If we are to consider teaching as a serious profession, we need to reconsider the role of PCK in teacher education [22] .
In addition to possessing the essential PCK components, teachers must be willing to promote active student engagement in their classrooms; this is what Magnusson et al. referred to as orientation to teaching science [3] . In this paper, we use the broad term interactive engagement pedagogies to describe student-centered pedagogies that encourage learners to take ownership of their learning [23, 24] . To understand how teacher education programs can help M&S TCs develop their PCK and be open to incorporating these interactive engagement pedagogies into their teaching practice, we refer to situated learning theory [25] , which will serve as the theoretical framework of the current study.
II. THEORETICAL FRAMEWORK FOR INVESTIGATING INTERACTIVE ENGAGEMENT PEDAGOGIES IN TEACHER EDUCATION A. Situated learning theory
Situated learning theory posits that meaningful learning happens when students are engaged with authentic activities, in authentic context and culture [25] . It stems from Vygotsky's social constructivist theory of learning [26] , which emphasizes both the learners' social environment and the subject-matter context. Situated learning theory states that knowledge cannot be transferred from authority, such as teachers or textbooks, to the learners. Instead, it asserts that knowledge is constructed by the learners who become active members of authentic learning environments in which they co-create the knowledge and experience its applicability [27] . According to this theory, students' social interactions with peers and with teachers are crucial for learning.
This theory is particularly relevant to teacher education. In order for TCs to be ready and willing to adopt novel learning environments in their own teaching, they have to experience them as learners and to reflect on their pedagogical effectiveness as teachers [6] . Subject-specific methods courses are natural and safe environments for TCs to do so. One of these pedagogies is called Peer Instruction [28] . It is powered by student discussions of conceptual multiple-choice questions that utilize common misconceptions as plausible but incorrect alternatives (distractors) [29] . Designing these conceptual questions and providing feedback to the conceptual questions contributed by their peers, while being supported by more experienced educators plays a vital role in helping TCs construct their PCK. There are a number of reasons for that. First, coming up with high-quality conceptual multiple-choice questions is not easy [30, 31] . The process of formulating these questions helps TCs improve their knowledge of the subject matter and of the relevant curriculum (content knowledge). In the process of coming up with questions and responding to their peers' questions, TCs become aware of their own misunderstandings and gain a new appreciation of the potential student difficulties (content-specific pedagogical knowledge). As future teachers, they also become aware of the importance of conceptual questioning in science, as opposed to asking questions about factual knowledge. As TCs become more familiar with the process, they gradually become comfortable with viewing assessment as a learning opportunity as opposed to the means of summative evaluation [6] . We will discuss the role of questioning in M&S education in the next section.
B. The role of questioning in mathematics and science teaching and teacher education Since Socrates, educators have relied on questions to gauge student knowledge, promote comprehension, and encourage critical thinking. Well-crafted questions arouse curiosity, generate meaningful peer interactions, and help students reach new insights [32, 33] .
Unfortunately, it seems that teachers often ask lower-level questions that promote factual information recall, rather than higher-order thinking. While lower-level questions have their value, effective questions should span across all cognitive domains, depending on the desired learning outcomes. By using a variety of questions, teachers can develop pedagogical strategies suitable for different classroom scenarios and diverse student populations.
Multiple-choice questions are frequently used by teachers for both practical and pedagogical reasons [ Fig. 1 ]. Despite a popular mistrust of this form of assessment, wellcrafted multiple-choice questions can promote meaningful learning [31, 34] .
It was found that when designing these conceptual multiple-choice questions, it is crucial that they include plausible distractors targeting common student misconceptions [32] . These types of questions require teachers to understand the relevant science content and be able to anticipate student potential difficulties with learning it.
The difficult and creative work of questioning is a skill that teachers should begin acquiring in teacher education and continue improving during their teaching [35] . However, to the best of our knowledge, few teacher education programs focus on helping TCs develop necessary skills for asking conceptual M&S questions [36] . In order to see how teacher education programs can help TCs acquire these skills, we turn to a family of instructional methods called interactive engagement pedagogies. In the next section we discuss how these pedagogies can be used to model effective questioning in physics teacher education.
C. Interactive engagement pedagogies in physics methods courses
Interactive engagement pedagogies comprise several teaching methods that encourage students to ask and answer questions, test new ideas, actively interact with peers and instructors, and take ownership of their learning [27] . These pedagogies incorporate extensive formative assessment that is often enabled by modern technologies [16, 37] .
There has been much research over the past decades on the implementation and pedagogical effectiveness of interactive engagement pedagogies within post-secondary M&S courses. These pedagogies have been shown to be more effective than traditional teacher-centered methods in enhancing student conceptual understanding, positive attitudes about M&S, and problem solving skills [38] . An interactive engagement pedagogy, often found in postsecondary physics classrooms, that utilizes multiple-choice questions is called Peer Instruction (PI) [28] ].
D. Peer Instruction
PI incorporates classroom response systems (clickers), various personal electronic devices, or flashcards to engage students in answering conceptual multiple-choice questions that target student difficulties by using common misconceptions as distractors (Fig. 1) [28, 39] . After displaying initial responses to the question, the students are invited to discuss the question with their peers. This is followed by a repeated individual voting and an all-class discussion. PI in M&S classrooms results in increased student engagement, frequent and continuous feedback to both students and the instructor regarding the level of student understanding, and improved student learning [24] . The increased availability of emergent technologies has contributed towards promotion of interactive engagement pedagogies, and specifically PI, in K-12 classrooms [37, 39, 40] . However, there is extensive research evidence demonstrating that PI success lies not in the technology itself, but in the instructor's PCK [33, 41] . Thus, in order to prepare future M&S teachers for successful implementation of PI and other interactive engagement pedagogies in their classrooms, these technology-enhanced interactive engagement pedagogies should be introduced in teacher education [6] . One of these new technologies, PeerWise [42] , seems ideally suited for putting PI into action in teacher education.
E. PeerWise online collaborative system
PeerWise is an online platform for hosting studentauthored multiple-choice questions and promoting student engagement through online collaboration [42] . PeerWise allows students to answer, rate, and comment on multiplechoice questions created by their peers (Table I ) [14] . PeerWise has chiefly been implemented in large undergraduate science courses, with results indicating that student engagement through question-creation produces positive learning outcomes [30, 43, 44] . The goal of these large scale (hundreds of students) studies was for students to learn the science content and enhance their academic performance, and not on learning how to ask pedagogically effective conceptual questions. While these PeerWise studies have focused on peer feedback and discussion of student-designed questions, none have discussed the use of PeerWise in teacher education, where questions were revised as a result of peer and instructor feedback. Thus our study is unique in that it focuses on investigating how physics TCs can improve their PCK, while asking, answering, critiquing, and improving conceptual multiple-choice physics questions.
As an educational technology, PeerWise is user friendly, requires minimal software learning time, and provides ample opportunities for student collaboration. Through PeerWise, the TCs are able to support each other in refining and improving their multiple-choice questions. At the end of the course, TCs also benefit from having a repository of collaboratively designed and peer-reviewed multiplechoice conceptual questions that they can use in their practicum teaching. In the following section we outline the goals and the methodology of the current study.
III. METHODOLOGY A. Study goals
The study aimed to investigate how physics TCs' engagement with designing, answering, and commenting on conceptual multiple-choice physics questions via a PeerWise platform influenced the development of their physics PCK and openness towards using interactive engagement pedagogies in their own teaching. More It is clear that TC who posted this question intended to test student understanding of Newton's II and III laws. TC also uses the words "weight" and "mass" to make sure students understand the difference between the terms. Lastly, judging by the question's title it is the first question in a sequence of questions on forces, thus opening doors for further discussion.
A 70 N While it is hard to judge where the distractors come from, it is clear that they are purposefully chosen to be less and more than the correct value. It is unclear why the TC chose these specific distractors.
Explanation No matter who is winning the tug-of-war the forces applied on either end of the rope must be equal in magnitude, but opposite in direction. Therefore the force applied by Yoshiko on the rope is F y ¼ 75 N.
The author's explanation supports the correct answer. However, it is unclear if the TC can anticipate students' potential problems. They just state that the forces must be equal, but they don't explain why one student wins the tug-of-war, while the other loses.
Comment 1
Instructor: As I mentioned in class, it is a fantastic question. However, in the explanation, you should mention the reasons why one person is going to win. I guess you will be doing it in the second part of the question. A picture could have made it more fun as well.
The instructor notices this point and offers to expand on this concept in the consequent question.
The problem was also discussed in class.
Comment 2
Can you explain more for me? I don't get why forces applied on either end of the rope must be equal when Bob is winning…(TC F)
One of the TCs actually raises this question. She asks this specific question, indicating what she does not understand.
Comment 3
Sorry, but I need a more detailed explanation. If the forces on the rope are equal which force is it that gives Bob the ability to pull Yoshiko towards him? (TC C)
Another TC also asks for a more detailed explanation. Both TCs C and F forget that the students pulling on the rope are experiencing frictional forces by the ground which eventually creates imbalance allowing one student to win.
Comment 4
Great conceptual question and a good improvement on the previous version. I would recommend putting in a picture to make things clearer (especially in the explanation). Also, perhaps elaborate a bit more in your explanation, and maybe mention why you put in the different distractors? The question is a great way to test students' knowledge of Newton's III Law. (Teaching Assistant) The teaching assistant models constructive feedback: he indicates positive aspects of the question and suggests some ways for improvement. He also clearly indicates the physics concept behind the question (Newton's III law).
specifically, our objective was to determine if physics TCs' PCK improved over the course of an academic term as a result of a PeerWise intervention. Therefore, the research hypothesis of the study was formulated as follows:
Research hypothesis: The pedagogical content knowledge of physics TCs, as measured by the multidimensional rubric shown in Table II , has improved significantly as a result of TCs' participation in designing and developing conceptual multiple-choice questions using the PeerWise tool during a 13-week long physics methods course.
To test this research hypothesis we designed the following study.
B. Study context
This action research study [45] took place in a secondary physics methods course in a teacher education program at a large research university in Western Canada. Eight TCs were enrolled in this required physics methods course in the fall of 2014. The three-credit course took place over a period of 13 weeks, with a break during the ninth and tenth weeks for a short school practicum. Each TC had at least a bachelor's degree in physics, chemistry, or engineering. In Canada, physics is taught in grades 8-10 as part of general science studies, and in grades 11 and 12 as a separate subject. The secondary physics methods course focused on the grade 11 and 12 physics curriculum, and was designed to help TCs acquire physics-related PCK. The course was taught by the first author of this study, while the second author was the course teaching assistant. The course was designed on the pass or fail basis, such as the risk of failing the course was extremely low if not nonexistent. Historically, it is very unusual for a TC to fail a method course, as compared to failing a three-month-long school practicum. PI pedagogy was modeled in most classes to facilitate discussions about physics concepts, the different approaches students might take and where they might experience difficulties, and how a teacher could help them overcome these challenges.
Questions in class were presented through PI, and utilized clickers to allow TCs to answer them in a riskfree anonymous manner [28, 45] . The instructor presented the TCs with a question that was carefully chosen by her to engage common student difficulties with fundamental physics concepts. Each TC then considered the problem on their own, and submitted an answer using a clicker. The answers were then displayed via a histogram, such that the fraction of the class giving each answer could be seen [ Fig. 1] .
Conceptual questions, which used common misconceptions as distractors, produced voting results that revealed TCs' knowledge gaps and misunderstandings. However, after discussing their answers with their peers and voting again on the question, TCs were able to figure out the correct response, experience potential student difficulties, and generate multiple ways of explaining relevant concepts.
Finally, any issues that were raised by TCs during this process were resolved with a class discussion facilitated by the instructor. These discussions also focused on how the TCs would utilize these PI pedagogies in their own classrooms. This allowed TCs to experience PI pedagogy both as learners and as teachers [6, 45] .
As part of the course, TCs were required to complete an assignment where they designed (or modified existing) conceptual multiple-choice physics questions and uploaded them on PeerWise. These questions had to incorporate meaningful distractors, an explanation of the correct answer, and the logic behind each distractor. TCs were also asked to answer questions posted by their peers and provide constructive comments on these questions. After receiving comments on their own questions, the TCs had to address these comments by modifying and improving their own questions [ Table III ].
The physics methods course required TCs to participate in an online discussion through commenting on conceptual questions posted by other TCs on PeerWise, as well as responding to these comments. Studies show that online discussions can stimulate critical thinking and promote cognitive engagement [46, 47] . The asynchronous nature of an online as compared to a face-to-face discussion provides students with more reflection time, allowing them to carefully construct and craft their responses, which is especially relevant to future teachers [48] . The process of translating their ideas, claims, and opinions into wellarticulated verbal, graphical, and symbolic expressions helps students to sharpen their arguments and improve communication skills. On the other hand, face-to-face discussions are especially beneficial for promoting critical analysis, reasoning and argumentation. In fact, it has been shown that online and face-to-face discussions comprise differing yet complementary natures of discourse, which suggests that a combination of both would be the most beneficial for TCs [47] . That is why in our course we monitored TCs' comments on PeerWise and followed up with class discussions when we saw that they had trouble grasping concepts. This meant that the content covered in our semiweekly classes was heavily informed by what the TCs were doing online on PeerWise.
C. Operationalizing PCK: Research instruments
In order to evaluate the quality of TCs' PeerWise questions, we made use of a quantitative assessment rubric modified from our previous study [Table II ] [6] . The rubric was explicitly developed for rating the quality of conceptual multiple-choice questions. The ratings were based on the following seven PCK-inspired dimensions: question's cognitive level, explanation's cognitive level, question targets students' difficulties, science accuracy, distractors' quality, tcs' justification of the answer, and clarity of the question (Table II) . Each measure was evaluated on a five point Likert scale. The cognitive level of the questions and explanations were assessed using Bloom's taxonomy [49, 50] . There is a precedent of using Bloom's taxonomy to rate the quality of multiple-choice questions, specifically questions that were created on PeerWise [43] . For each question, we identified if answering the question required retrieval of factual knowledge (i.e., what unit is used for measuring forces?), comprehension of the concept through connecting multiple representations, application of the concepts outside of the context they were initially learned, or synthesis and evaluation of multiple concepts and ideas. Following up our previous study, we grouped the dimensions of the rubric into two categories-content knowledge and pedagogical knowledge [6] . However, it is clear that these dimensions are inherently overlapping, thus creating the PCK construct. For example, to design a question that targets students' conceptual difficulties and possible misconceptions, a teacher needs to acquire both content and pedagogical knowledge (Table II) . Thus, this dimension could have belonged to both content and pedagogical knowledge categories. For the purpose of the analysis we decided to place this category under the content knowledge construct. This had no limiting consequences for our analysis as we investigated PCK in its entirety. There were three researchers in this study who served as raters of the questions: the course instructor, the teaching assistant, and a research assistant. The instructor was the leader of the study. She is a physics educator with more than 20 years of secondary and post-secondary physics teaching and educational research experience, 10 of those years being spent in teacher education. The teaching assistant holds a B.Sc. degree in molecular and cell biology and a M.Ed. in science education, and had also taken introductory university-level physics courses. The research assistant holds a M.Sc. degree in mathematics and a M.Ed. in mathematics education. The researchers independently rated each of the questions using the rubric. To ensure consistent rating, initially only the first ten questions were independently evaluated by the researchers. The ratings were then compared, and in each case where discrepancies existed, the ratings were discussed and resolved. The aim was to ensure that the rating process was clear, as little biased as possible, and all the consequent ratings by the team were consistent. The diverse backgrounds of the researchers meant that each brought different experiences and insights to the rating process. In times when the agreement on a rating could not be reached, the lead researcher's argument was given more weight due to her extensive experience. Once a baseline for the rating had been set, the rest of the questions were rated independently without further discussion. This process was implemented in order to improve the consistency of the independent ratings by the three researchers. The resulting estimate of the interrater reliability demonstrated an overall degree of agreement among the raters, which is described in the following section.
D. Analysis of the validity and reliability of the instrument
While using statistical instruments, researchers must make sure that the instruments are reliable and valid for the study's population. Below we provide information on how we measured the interrater reliability and internal reliability of the instrument (Tables VI and VII in the Supplemental Material [51] ), as well as how we calculated the statistical significance of the research findings.
Statistical analyses
To determine the statistical significance of the differences between the pre-and postintervention scores of the PCK of physics TCs (as based on their multiplechoice conceptual questions), we conducted Wilcoxon signed ranks tests (two related samples) across the seven dimensions (Tables IVand V) . We provide the discussion of Answer at least 10 questions designed by your peers Provide comments on at least five questions you answered Cycle 2 repeats every two weeks for the duration of the course. 
Interrater reliability
In order to demonstrate that the ratings of the three independent raters were consistent and did not have a negative effect on the quality of the ratings, the interrater reliability (IRR) statistic was computed. The IRR statistic is widely used in studies where trained raters are required for analyzing collected data. Since the raters were not randomly sampled from a larger population of raters, IRR was assessed by using two-way mixed, consistency, averagemeasures intraclass correlation coefficients (ICC). Hence, this ICC was used to assess the consistency of the ratings on the seven dimensions across all the multiple-choice questions, as shown in Table VI in the Supplemental Material [51] . According to Cicchetti [52] , the resulting ICC average measures were in the excellent range for all dimensions, (poor: less than 0.40; fair: 0.40-0.59, good: 0.60-0.74; excellent: 0.75-1.00), indicating that the three independent raters had a high degree of agreement and also suggesting that all the dimensions were rated consistently. Measures of ICC in the excellent range suggest that a minimal amount of rating error was introduced by the three independent raters. Therefore, the statistical power for subsequent analyses is not substantially reduced. Consequently, the ratings for all the dimensions were deemed to be suitable for use in the hypothesis testing for this study.
Internal reliability
A preexisting instrument designed and developed by the team [6] was used for rating all the multiple-choice questions [ Table II ]. In order to confirm the robustness of the instrument's ability to evaluate the TCs' PCK based on their conceptual multiple-choice questions, internal consistency of the seven dimensions was calculated by using Cronbach's alpha reliability estimate. It is commonly used as a statistical index of internal consistency for gauging whether items (the seven dimensions) in an instrument measure the same construct (TCs' PCK) of interest when designing, developing, or refining an instrument. SPSS 21 was used to estimate the Cronbach alpha statistic across 103 multiple choice questions for the seven dimensions, as shown in Table VI in the Supplemental Material [51] . The overall Cronbach alpha reliability estimate (based on standardized items) for the instrument was evaluated to be 0.843, which indicates a good internal consistency of the dimensions in the instrument.
E. Data collection
Data were collected using the PeerWise online collaborative tool described above [42] . The TCs submitted 298 questions, 844 answers with explanations, and 329 comments during the term, and these were stored in a central database that the supervisor and teaching assistant had access to. In order to prevent bias and protect the privacy of all the TCs, all personal details were anonymized by assigning codes. The questions were then exported into a pdf document, which was then used for further analysis. Since our goal was to evaluate the change in TCs' PCK, we chose two time periods that corresponded to the beginning and the end of the course: time 1 included questions submitted in weeks 2 to 3 of the course; time 2 included questions submitted in weeks 11 to 13 of the course (Table IV) . We did not include questions from the first week of the course as the TCs were still familiarizing themselves with PeerWise and what was required of them in the question creation process. Likewise, we did not include the last week of the course as the TCs had many assignments due at this time, and we feel that as a result of this pressure many of their final questions were rushed and of poorer quality. Thus, we evaluated 103 conceptual multiple-choice questions out of 298 questions (35%) submitted by TCs.
IV. RESULTS AND DISCUSSION
One of our objectives was to determine whether TCs had improved their PCK as measured by the rubric as a result of developing conceptual physics multiple-choice questions over the course of a 13-week long academic term. Statistical analyses were based on 103 multiple choice questions (51 preintervention and 52 postintervention questions) (Table IV) .
The ratings, based on TCs' PCK, were analyzed for statistically significant differences between pre-and postintervention scores. We used both graphical (histograms, normal Q-Q plots, and normality curves) and numerical (Shapiro-Wilk, Kolmogorov-Smirnov, skewness, and kurtosis) methods to assess the center, shape, and spread of the data distributions across all the dimensions for both samples. Data distributions for all the seven dimensions reflected the likelihood of deviating from normality (Tables VIII and IX in the Supplemental Material [51] ). Because of the non-normal data distributions of the preand postintervention scores, nonparametric tests were considered for further statistical analysis. The Wilcoxon Signed Ranks tests were used to analyze the differences between the two related samples. Table V shows the Wilcoxon Signed Ranks test results for the seven dimensions underpinning the TCs' PCK. These test results indicate that postintervention scores showed statistically significant increases in all the dimensions that measure the TCs' PCK. For each dimension, about 60% of the postintervention questions showed an improvement, and all seven dimensions had a significantly higher number of positive rankings (indicating significant improvement) (Table V) .
In summary, these results strongly suggest that for all seven dimensions of the rubric (Table II) , the ratings of the multiple-choice questions produced by the TCs improved significantly during the methods course. All of the ratings were significantly higher at the post-test as compared to the pretest (p < 0.005). Therefore, we can justifiably conclude that TCs were able to improve their skills in asking meaningful conceptual multiple-choice questions, in designing scientifically meaningful distracters, and providing scientifically plausible and pedagogically sound explanations to their questions. This means that over the course of 13 weeks, TCs were able to acquire skills that enabled them to produce more sophisticated (higher level on Bloom's taxonomy) multiple-choice conceptual questions, which is one of the manifestations of their improved PCK.
From our experience with TCs and observations of the dynamics of the physics methods course, we think that a number of factors might have contributed to these results. First, pedagogies such as Peer Instruction draw TCs' attention to their own gaps in science content knowledge. As TCs become aware of their own knowledge deficiencies they start paying closer attention to their own knowledge, as well as to the knowledge of their peers.
Second, PeerWise provided a safe online forum for TCs to explore conceptual questions, relevant explanations, as well as potential student difficulties. Many of the comments initiated on PeerWise sparked conversations within the classroom and were incorporated into in-class discussions during the methods course, which allowed for more indepth conversations. In addition, as TCs were asked to revise their questions, they paid close attention to the feedback provided by their peers, by the instructor and by the teaching assistant, as well as to the face-to-face in-class discussions.
Third, as each of the TCs was required to provide feedback to questions submitted by their peers, TCs learned how to both provide and receive feedback in a positive and constructive manner. We often observed discussions on PeerWise where TCs responded to the feedback by justifying their reasoning and clarifying their initial ideas. This was also timely as TCs had to be prepared to receive ample feedback from their supervising teachers during the practicum.
The results of both the quantitative and the qualitative (written course evaluations, classroom discussions, and the write-ups of the focus group meetings) data analyses complement each other to provide robust results on the growth of TCs' PCK over the course of the term.
TCs' thoughts on PeerWise:
TC A: "…I felt my multiple choice question writing was greatly improved and I received commendations on it from my School Advisors (school teachers supervising TCs during their practicum)…" TC B: "I think for myself,…getting away from the number-crunching questions to conceptual questions, and understanding that even though number-crunching can feel harder, it doesn't really show how well you know something compared to conceptually, and for me PeerWise really helped me realize that. High school kids, they just want to crunch numbers and go, they don't want to think. It made me focus more on conceptual stuff." TC C: "I think it really improved my question rating and also my assessment of questions. Like looking online and finding questions, it drastically improved my ability to go…do I want to include that in my test? What's that actually testing? And it did help. [TC B agrees]".
TCs' thoughts on the use of clickers and multiple-choice questions:
TC D: "I really liked them [clickers] . Now when people talk about clickers…I'm all over it, I know all about it. I really like using it. I like the anonymity of it; I like the kinda just gauging where you are compared to others. It's a very useful tool."
TCs' thoughts on conceptual questions in physics:
TC D: "It gets you away from thinking physics is a math class. It gets you to really understand the science." TC A: "The math is just applying the concepts…the conceptual part is the physics, the rest of it is just applying math to the physics concepts to get an answer."
TCs' thoughts on how the quality of their own questions has changed over the course:
TC D: "I thought they [student's multiple-choice physics questions] got way better. It was harder and harder for me to find points to nit-pick out for revisions and things when I was giving feedback." TC B: "It got easier to write…it got faster for myself. I find it almost easier to make conceptual questions than number crunching ones." TC D: "PeerWise, that exercise gave me the confidence to be able to go and say: ok, this question is ok, but if I reword it like this, or if I change the options from these to these, that would actually make it a better question." TC A: "After writing all those questions and putting in a lot of work into it, especially in the beginning…but towards the end the questions were coming easier and faster. And then on my practicum, when I did go look at other resources…when I was looking at other people's questions I was like: 'that's junk, that's junk, that one could work if I could tweak it this way…ooh I'll take that one, that's garbage'…and I was able to…quickly zip through it and made my homework out of that."
V. CONCLUSIONS AND IMPLICATIONS
This paper describes the second year of a multiyear study on the implementation of PI and PeerWise pedagogies in physics methods courses in a teacher education program. In the first year of this study, PI was implemented in a physics methods course and TCs were asked to submit five conceptual multiple-choice questions as a final assignment [6] . Based on the results of that study, we concluded that TCs benefited from PI and from the opportunity to design their own conceptual multiple-choice questions as part of the course assignment [45] . However, since the question design was the final course assignment, it was difficult for TCs to share and reflect on their questions, as they were submitted in an offline format at the very end of the course. Only the instructor and teaching assistant read and analyzed all of these questions. This lack of collaboration among TCs and a chance to revise their questions was a missed opportunity. The implementation of PeerWise coupled with PI during the second year, described in this paper, supported a deeper engagement with the questions than the first year of the study. PeerWise online engagement increased the TCs' opportunities to develop questioning skills, learn from each other and improve their PCK.
The purpose of this study was to investigate how physics TCs' engagement with designing, answering, and commenting on conceptual multiple-choice physics questions during a physics methods course that utilized PI and a PeerWise platform influenced the development of their physics PCK and attitudes towards using interactive engagement pedagogies in their own teaching. In our study TCs experienced PI on a regular basis during the course and were asked to collaborate on authoring their own conceptual multiple-choice questions using PeerWise outside of class. The cyclical nature of the course structure allowed TCs to create, evaluate, and discuss conceptual multiplechoice questions on PeerWise and explore the nuances of distractor quality, language, and interpretation during class hours using PI. This study has shown that PI enhanced by PeerWise can be successfully implemented in a physics methods course, as it helped improve TCs' PCK, engaged them in meaningful discussions inside and outside of the classroom, and promoted TCs' collaboration on designing physics teaching resources. We have also shown that during the 13-week course, TCs were able to significantly improve their physics knowledge, as well as the knowledge of physics pedagogy (PCK), through the development of more effective questioning skills as expressed in the multiplechoice questions they contributed on PeerWise.
Teacher education programs often lag in the implementation of educational technologies due to the time required for instructors to learn how these technologies can be implemented, and the lack of opportunities to use these technologies in K-12 classrooms during the practicum and consequent teaching [45, 53] . It is worth mentioning that there are a number of low-tech alternatives to using clickers, such as flashcards or voting, which can also produce powerful learning [39] . The PeerWise system is free, and only requires that students have access to a computer and the Internet outside of class. Thus, the lack of access to computers during class time should not preclude M&S educators from using PI and PeerWise. PI and PeerWise-enhanced learning environments support student learning outside of the classroom, creating an opportunity for teachers to flip the classroom. These teachers could then use class time for discussing student conceptual difficulties, rather than using this precious time for information transfer [54] . This reasoning also applies to teacher education. In our study, PI and PeerWise provided an excellent opportunity to help TCs develop their questioning skills, enhance their PCK, as well as begin designing pedagogically effective teaching resources. Most importantly, these pedagogies helped to create a learning community where acquiring PCK was valued, where making a mistake was considered to be a learning opportunity, and where TCs were encouraged to discuss physics teaching ideas with each other and the instructor.
VI. CHALLENGES AND LIMITATIONS
Because of the nature of the study, it has a number of limitations. First, it was situated in the context of physics teacher preparation. While the teacher education program at the university in question has more than 600 students, only eight of them were future physics teachers. As a result, the study had a small number of participants, which limits its generalizability. Second, the small size of the study allowed for the creation of personal connections with the participants, making it easier for the instructor to promote interactive engagement pedagogies and conceptual physics understanding during the methods course. This might prove a greater challenge for educators teaching larger methods courses. Third, the course was only 13 weeks long. Thus, we had relatively little time to support TCs in developing positive attitudes about interactive engagement and conceptual learning. It took us several weeks to help TCs understand what a good effective conceptual question is. Fourth, while we used clickers for our PI implementation, not every methods course might have them available. However, other technologies and low-tech tools such as flashcards can be used to implement PI, and current research indicates that the technology used for PI implementation does not affect its effectiveness [39] . Conversely, TCs have to realize that the availability of a particular technology is not a necessary condition for the successful implementation of PI. Fifth, the biggest challenge for our study was the two-week practicum in the middle of the physics methods course. During this time TCs interacted with various physics teachers, some of whom did not believe in interactive engagement and chose to teach traditional plug-and-chug physics courses. This created a cognitive conflict for some of the TCs as they had to negotiate the values promoted in the methods course with the pedagogical philosophies of their host teachers. Moreover, although the sophistication of the questions designed by TCs increased during the course, we did not have sufficient data to evaluate TCs' ability to articulate their pedagogical considerations in their comments. This is likely due to the nature of the course structure, where an online discussion that began on PeerWise often continued during class, thus not being formally resolved or documented on PeerWise. While we feel that this was one of the strengths of the PeerWise-enhanced PI approach, we were unable to quantitatively measure the quality of in-class conversations, and therefore cannot report on the quality of these discussions.
Lastly, we realize that it is a quasiexperimental study, as with a low number of participants (we rarely have more than 12 physics TCs in a methods course) it was impossible for us to have a control and an experimental groups. This obviously limited the generalizability of the results. There is a possibility to conduct a study with mathematics and chemistry TCs in the future. The challenge will be to make sure that the instructors in these courses are open to using this pedagogy and the teaching methods and learning environments in different sections will be comparable.
VII. FUTURE DIRECTIONS
As we complete the second year of this study there are a number of important reflections that are guiding us as we move forward.
One of the major problems we had in implementing PeerWise-supported PI was that we could not track discussions started in PeerWise that were eventually resolved in face-to-face class meetings. Going further, we would like to capture how these discussions sparked by PeerWise questions are developed during consequent lessons. It is also important to understand if and how these discussions were incorporated in TCs' consequent teaching during the practicum.
In their written and informal feedback, TCs mentioned multiple times that they would like to have opportunities during class where they can teach mini-lessons using the PI pedagogies they learned in the course. Therefore, going into our third year we plan to make mini-lessons a part of the course structure. Furthermore, we plan to record these lessons so that TCs can reflect on their teaching styles and improve them. This will also help expose TCs to many different teaching styles, as they will be expected to watch their peers teach, and provide feedback. This will also provide opportunities to collect richer data and investigate how PI and PeerWise-enhanced pedagogy affects TCs' teaching. It would also be interesting to follow up with TCs during their 13-week long practicum and explore if and how they incorporate PI pedagogy with their students.
At the end of this physics methods course, we ended up with a large database of conceptual multiple-choice questions created by the TCs. While not all of these were high quality questions, there were many that were improved over time to create powerful conceptual physics questions. This would be an indispensable resource for beginning physics teachers. That is why in future courses we plan to create a compilation of the best questions in the course that TCs can use in their future physics teaching.
Lastly, in the future, we will focus on developing methods for evaluating the influence of the reflective practices implemented in the course on TCs' acquisition of PCK. As research on teachers' growth through reflective practice has gained a wider recognition in the last decades, it is important to investigate how the reflective practices implemented in our methods courses coupled with PeerWise and Peer Instruction influence TCs' pedagogical transformation [55, 56] .
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